INTRODUCTION
Unhealthy alcohol use (alcohol consumption that increases the risk of health consequences and includes abuse and dependence) is a major public health concern 1, 2 . In primary care settings the prevalence of unhealthy alcohol use is 7 to 20% or more, with most people not suffering from alcohol dependence 3 . However, in medical hospital settings, the proportion of patients with unhealthy alcohol use who meet the criteria for alcohol dependence is high 4 . For example, in four general hospitals in Germany, Freyer-Adam et al. found that 61% of inpatients with unhealthy alcohol use had alcohol dependence 5 . In a large urban safety-net hospital in the US (the sample for the current study), the proportion was 77% 4, 6 . As such, the problem of unhealthy alcohol use in inpatient medical settings is likely to differ from that in other (particularly outpatient) health care settings.
In general populations, the natural history of drinking among those with dependence has been well studied, and social and personal factors have been identified as predictors of natural recovery. Epidemiologic studies indicate that there is a substantial proportion of individuals with alcohol dependence who will be in recovery 12 months later 7 . Age and participation in self-help or treatment affect the course of substance dependence and male gender, depression, heroin and cocaine use, divorce and low level of education are related to worse outcome 8 . "Resolution" (abstinence for more than 2 years) has been linked to heavier drinking practices and negative life events during the year before the onset of abstinence 9 . Nevertheless, the course of drinking and predictors of favorable drinking outcome among medical inpatients are not well known. Describing both consumption and consequence outcomes allows assessment of a range of outcomes among diverse patients. It is of clinical interest among inpatients, especially because some may choose a "moderate" drinking goal during brief counseling sessions, and may do so without negative consequences even if previously diagnosed with dependence. Moderate drinking may be an appropriate goal if patients can do so without consequences.
Understanding the course of unhealthy alcohol use and predictors of favorable consumption and consequence outcomes may help clinicians to tailor advice and treatment planning, and to develop interventions for medical inpatients. The latter is important given the lack of robust evidence for the efficacy of brief interventions in this setting 5, 10, 11 . Therefore, we studied a prospective cohort of medical inpatients with unhealthy alcohol use to determine the course of alcohol use and consequences, and factors associated with favorable drinking outcomes, 1 year after hospitalization. We hypothesized that factors such as male gender, low socioeconomic status, depression, physical or sexual abuse, illegal drug use, presence of alcohol dependence and social pressure to drink would be associated with unfavorable outcome, and factors such as readiness to change and receipt of specialized alcohol treatment (including self-help) would be associated with favorable outcome.
METHODS
Data were collected by interview with medical inpatients at an urban academic hospital who were drinking risky amounts of alcohol [>14 standard drinks (14 g of pure alcohol)/week or ≥5 drinks on an occasion for men, >11 drinks/week or ≥4 drinks on an occasion for women and persons aged over 65 years]. This cohort was prospectively followed for 1 year. Subjects were participants in a randomized trial of a single brief motivational interviewing counseling session (compared with no brief motivational counseling); the intervention had no significant effect on drinking or alcohol consequences 6 .
Research associates approached all patients aged ≥18 whose physicians did not decline the contact. Individuals fluent in English or Spanish who gave consent were asked to complete a screening interview. Eligibility criteria were: currently drinking risky amounts (as above), two contacts to assist follow-up, no plans to move from the area for the next year and a Mini-Mental State Examination score of ≥21. During the screening interview, subjects completed a 1-10 visual analog scale for readiness to change ("How ready are you to change your drinking habits"). Subjects who refused participation were more likely to be Black (45% vs 31%) and to drink greater amounts of alcohol (median 24 vs 18 drinks per week) compared to eligible subjects who enrolled, but were similar regarding readiness to change measured on a 1-10 visual analog scale.
At study entry we assessed demographics, principal admitting and alcohol-attributable medical diagnoses (by medical record review), alcohol use disorder diagnosis [assessed using the Composite International Diagnostic Interview (CIDI) Alcohol Module] 12, 13 , education, homelessness, heroin use, cocaine use, physical or sexual abuse before the age of 18, and whether or not the subject spent time with heavy or problem drinkers (reflecting social pressure to drink). Not spending time with heavy-drinking friends was assessed with the question "How many of the people you spend time with are heavy or problem drinkers?" and later dichotomized into none vs. any. Baseline measures of health-related quality-of-life (QOL) [Short-Form Health Survey, Physical Component Summary (PCS) score] 14 , depressive symptoms, and readiness to change alcohol use [problem recognition and commitment to change drinking with the "Perception of Problem" (range 10-50) and "Taking Action" (range 6-30) scales, respectively] were also used. These latter two scales were determined based on a factor analysis of the Stages of Change Readiness Treatment and Eagerness Scale (SOCRATES) in this sample 15 . The Taking Action scale questions assess both actions to facilitate change that already occurred and commitment to change, with a higher score indicating a higher level of having taken action and commitment to change 16 . At 12 months, receipt of treatment since study entry was assessed by self-report [hospital detoxification, any treatment for alcohol problems (including counseling or therapy), Alcoholics Anonymous meetings, self-help, mutual help or other 12-step programs for alcohol problems or medication prescribed by a physician to prevent them from drinking]. At study entry and 12 months later, we assessed alcohol consumption with a validated 30-day calendar method (Timeline Followback) 17 and alcohol-related consequences with the Short Inventory of Problems (SIP) 18 . The outcome of interest was favorable drinking at 12 months, defined as abstinence or drinking "moderate" amounts [i.e., less than at-risk amounts, defined above except >7 (not 11) drinks per week was the cutoff for women and the elderly] without consequences. The outcome definition was based on a procedure described and validated by Cisler and Zweben [19] [20] [21] that classified drinkers according to two factors: whether they drank at-risk amounts and whether they experienced alcohol-related consequences. This composite outcome index was created to capture a broader range of clinically relevant outcomes, knowing that patients with unhealthy alcohol use may choose to keep on drinking but at lower levels and without suffering from alcohol-related consequences.
The following factors were tested: education, marital status, homelessness, physical or sexual abuse before the age of 18, heroin or cocaine use, elevated depressive symptoms, presence of alcohol dependence, readiness to change measure, spending time with heavy-drinking friends and receipt of alcohol treatment after hospitalization (evaluated at the 12-month assessment).
Confounders were defined a priori based on literature and clinical experience, and included: age, gender, race/ethnicity, randomization group, PCS and drinking (drinks per day, past 30 days) at study entry. We included a measure of drinking at study entry as a confounder because alcohol consumption level is known to be one of the strongest predictors of subsequent drinking.
Analyses
We used an iterative model-building procedure to identify factors associated with favorable drinking. Each factor of interest was entered in a separate model adjusted for potential confounders (i.e., in "minimally adjusted models"): age, gender, race/ethnicity, randomization group, physical health-related QOL (PCS score), presence of an alcohol-attributable principal diagnosis at hospital admission and drinks per day at study entry. The potential confounders were selected a priori based on literature and clinical experience.
Prior to regression modeling, we assessed bivariate correlations between all independent variables and covariates. To avoid potential collinearity, no pair of variables with Spearman correlation coefficient >0.40 was included in the same model. Because it was correlated with other factors of interest (drinks per day, past 30 days, r=0.54; alcohol dependence, r=0.54; receipt of alcohol treatment, r=0.44; depressive symptoms, r= 0.44), the Perception of Problem (PP) scale was excluded from further analyses. Since other work suggests that the PP scale and other variables reflecting perception of alcohol problems are markers of severity and since the PP scale was correlated with other better markers of severity, we excluded it from further multivariable analyses. We nevertheless report unadjusted models for PP, since measures of perception of alcohol problem are often used in the literature. No other pairs were correlated >0.40. In an unadjusted logistic regression model, subjects in the highest quartile (highest level) of PP had 2.21 (95% CI: 1.07, 4.56) times the odds of an unfavorable drinking outcome compared to the lowest quartile.
Factors significantly associated with the drinking outcome at an alpha level of 0.05 in these "minimally adjusted models" were included together in a single multivariable model along with confounders. Factors that were no longer significant at an alpha level of 0.05 in the multivariable model were removed one at a time to obtain the final model.
All analyses were adjusted for randomization group (i.e., assignment to brief intervention) at baseline. Analyses were performed using SAS software (version 9.1; SAS Institute, Cary, NC).
RESULTS
Of the 5,813 patients screened, 986 were drinking risky amounts. Of these, 462 were not eligible for entry into the cohort, and 183 were eligible but declined. Of the 341 subjects who were eligible and consented to be in the cohort, 287 (84%) had complete data at 12 months and were included in these analyses. The baseline characteristics of the 287 subjects are presented in Table 1 . The five most prevalent principal diagnoses at hospital admission were: rule out myocardial infarction (n=50), pancreatitis (n=31), cellulitis (n=20), asthma (n=19) and pneumonia (n=19). Subjects who completed the 12-month follow-up did not differ significantly (alpha level 0.05) from those lost to follow-up with respect to the baseline characteristics presented in Table 1 .
At 12 months, most subjects (63%) were drinking risky amounts, 29% were abstinent, and a few were drinking moderate amounts (with or without consequences) (8%). At 12 months, 33% had a favorable drinking outcome [i.e., they were abstinent (29%) or drinking moderate amounts without consequences (4%)] (Fig. 1) . Table 2 presents unadjusted logistic regression models for all factors of interest and confounders, and the final model developed from the iterative model building procedure. Elevated depressive symptoms, Taking Action, not spending time with heavy-drinking friends and receipt of alcohol treatment after hospital discharge were associated with a favorable drinking outcome in both unadjusted and "minimally adjusted models." These four variables were entered simultaneously with the a priori defined potential confounders in an adjusted logistic regression model. The depressive symptom variable was no longer significant in the multivariable model (p=0.2) and was therefore excluded from the final model. In the final model (Table 2 ), compared to the first quartile (lowest level) of Taking Action, subjects in the second, third and highest quartile had 3.65 (95% confidence interval, 1.47, 9.02), 3.39 (95% CI 1.38, 8.31) and 6.76 (95% CI 2.74, 16.67) times the odds of a favorable drinking outcome, respectively. Not spending time with heavy-drinking friends [adjusted odds ratio (AOR) 2.14; 95% CI 1.14, 4.00] and receipt of alcohol treatment after hospital discharge during the past year (from baseline to 12-month assessment; AOR 2.16, 95% CI 1.20, 3.87) were associated with a favorable drinking outcome. The Hosmer and Lemeshow chi-square test suggested acceptable model fit of the final logistic regression model (p=0.73).
DISCUSSION
We investigated unhealthy alcohol use outcomes and factors associated with a favorable drinking outcome (abstinence or moderate drinking without consequences) at 12 months in opportunistically screened medical inpatients who were not 22 . More than 30 years later, we found a similar though higher proportion of abstinence. The more favorable course might be due to a sample that consisted not only of subjects with alcohol dependence (though absence of alcohol dependence was not predictive of favorable drinking outcome in our sample). In the National Epidemiologic Survey on Alcohol and Related Conditions (NESARC), Dawson et al. showed that among individuals with alcohol dependence, a year later, 17.7% were drinking "low-risk" amounts, and 18.2% were abstainers; approximately half of those with a favorable consumption outcome were still drinking 7 . Similarly, Sobell et al., in two Canadian general population studies of individuals with alcohol dependence, found that low-risk drinking accounted for 40 and 60% of all cases of recovery 7, 23 .
Yet in our study, even though some subjects did not have alcohol dependence, favorable drinking outcome most often consisted of abstinence. Although reasons for the different observations are not clear, the setting and severity of the general hospital sample likely account for them in part.
In primary care, where the prevalence of alcohol dependence is lower, a similar proportion of screen-identified patients was not drinking risky amounts 6 months later 24 . Similarly, in a study of screening and brief intervention conducted among inpatients with unhealthy alcohol use (without dependence), 46% of the controls did not report any alcohol problems 12 months later. On average, they decreased their daily alcohol consumption by 24 g of alcohol (from 70 g). In most brief intervention studies, a substantial decrease in drinking has been observed in the groups that did not receive any interven- One year alcohol use and consequences in medical inpatients Figure 1 . Note: Alcohol consumption was assessed with the 30-day Timeline Followback method. Alcohol consequences were assessed with the Short Inventory of Problems (SIP). The SIP is a 15-item questionnaire that assesses, over the past 3 months, the presence of alcohol-related consequences in various dimensions: physical, interpersonal, intrapersonal, impulse control and social responsibility. 10, [25] [26] [27] . The course of unhealthy alcohol use tends to involve self-change with or without formal help, with a substantial proportion of individuals either abstaining or drinking moderate amounts without consequences a year later. These changes take place for individuals in the general population and for individuals that have contacts with the health care system. These changes may be due to self-change, life events and experiences, notably the accumulation of negative events, as well as assessment effects-all things that happen regardless of interventions. Few studies have investigated the course and factors associated with outcomes of unhealthy alcohol use in medical inpatients. Although people who enroll in trials differ from those who do not, and although assessment effects can affect outcomes, cohorts of subjects from randomized controlled trials can provide some relevant information. In addition, we identified factors associated with favorable drinking outcome: Taking Action (a measure of actions towards facilitation of change and commitment to change, which can be considered a specific subcategory of readiness to change), not spending time with heavy-drinking friends (which can be seen as a proxy measure for the social pressure to drink) and receipt of alcohol treatment over the past 12 months were positively associated with a favorable drinking outcome. Even though usually considered markers of severity or predictors of poor outcome, and contrary to our hypotheses, a diagnosis of alcohol dependence, drug use, low education level and homelessness were not associated with drinking outcome 8, 28 . These results suggest the importance of commitment to change and action toward facilitation of change as valuable targets for interventions 29 . As shown in other studies, individuals who tend to have some intention or commitment to reduce their drinking when seen in a hospital will have a better prognosis 30 . Self-report of receipt of alcohol treatment between study entry and 12 months later was associated with favorable drinking outcome. This supports the current knowledge on treatment efficacy 2, 31, 32 . The observed positive predictive effect of not having heavy-drinking friends on favorable drinking outcome is also consistent with studies indicating the negative impact of the social environment on drinking, notably the impact of social pressure to drink and its negative impact on relapse risk 33 . Our results add to the evidence that the absence of a heavy-drinking social environment is associated with a better drinking prognosis for individuals with unhealthy alcohol use. Future research may explore relationships between alcohol use behaviors and social networks in order to determine if the same social network effects found in tobacco cessation can be identified for alcohol use 34 . The fact that factors usually considered predictors of poor outcome in outpatients (i.e., diagnosis of alcohol dependence, drug use, low education level, homelessness, childhood physical or sexual abuse) were not associated with drinking outcomes in our study is of interest. This may have been due to a lack of power, or alternatively to intrinsic differences in hospitalized patients and ambulatory patients with unhealthy alcohol use. Specifically, our study of hospitalized patients may have examined a more homogeneous and sicker population than usually enrolled in general population studies. Individuals with less severe social and health problems tend to access the health care system less and were therefore less likely to be included in our study. Notably, the present study showed a high prevalence of alcohol dependence among individuals with unhealthy alcohol use (i.e., most patients who screened positive had alcohol dependence). Even though the prevalence of dependence is usually high in screen-positive hospitalized patients, the fact that the study population was recruited at an urban safety net hospital may explain an even higher prevalence. Nevertheless, our findings suggest that these poor prognostic factors should not be seen as insurmountable obstacles when addressing unhealthy alcohol use among medical inpatients.
Study limitations should be considered when interpreting our findings. First, we evaluated the course of unhealthy alcohol use in a sample of subjects that was included in a randomized trial. It is unlikely that the intervention affected our results since we controlled for it in analyses and the trial had negative results. The subjects agreed to participate in a study in which they could receive alcohol counseling. This might have resulted in a selection of individuals more prone to behavior change or more motivated to change; however, it might also have led to selection of patients who were interested in counseling because they thought they could not change without it. Subjects who refused participation were similar to subjects who participated regarding readiness to change completed during the screening interview. Study subjects may also have had courses not representative of natural history due to assessment effects. If this is the case, then the course of unhealthy alcohol use in medical inpatients would be even worse than what we observed. Second, our study was able to identify associations over time but was not designed to study causation. This study is a secondary observational analysis, thus observed associations may not be causal and analyses may be underpowered. The latter may explain why some factors were not significantly associated with drinking outcome, though despite this possibility, other potentially useful and easily assessable clinical factors were associated with outcome. Third we grouped together various treatment modalities and are therefore not able to distinguish between them, though all are known to have efficacy 31 . The present cohort was followed for 12 months. This could be seen as short with regard to drinking outcomes. Our results should be replicated in cohorts with longer follow-up and with multiple assessment time points. Nevertheless, the literature suggests that 12-month outcomes are indicative of longer term functioning 35, 36 .
This study has notable strengths. We used a large prospective sample identified by screening patients in a general health care setting, with a high follow-up rate. Prospective observational studies are the ideal approach to studying the outcomes and their predictors. Our subjects were well-characterized using validated assessments. We also used a composite outcome of drinking and consequences that has been validated and that has clinical significance 20, 21 .
Our results bring additional information to clinicians treating medical inpatients, a population where unhealthy alcohol use is common. In this setting, one third of the patients will be abstinent a year later. Thus, some optimism regarding the natural history of alcohol use in this population is reasonable. Our results also suggest that homelessness, drug use and depressive symptoms, usually considered markers of severity or predictors of poor outcome, may not have a large negative impact on drinking outcome in medical inpatients. The presence of these markers should not prevent clinicians from addressing unhealthy alcohol use and should not lead them (or their patients) to have a pessimistic view of the drinking prognosis.
The factors identified as being associated with favorable outcome could be useful for clinicians, since they are potentially amenable to change with clinician assistance. Clinicians should therefore be encouraged to target commitment to change in their discussions with patients and help them to take actions towards change. Similarly, linking medical inpatients with unhealthy alcohol use to alcohol treatment and encouraging changes in their social environment to decrease the social pressure to drink may increase the likelihood of a favorable outcome. Since abstinence was the most likely favorable outcome, clinicians should suggest to patients in this setting that abstinence should remain the preferred treatment goal. Clinicians should also keep in mind that factors usually seen as predictive of poor outcomes may not be obstacles among medical inpatients to the degree they may be in other populations of patients with unhealthy alcohol use.
Sources of funding: Nicolas Bertholet was supported by the Swiss National Science Foundation and Fondation Suisse de Recherche sur l'Alcool. The randomized trial was supported by the National
